Contamination of drinking or irrigation water with pathogenic bacteria, such as Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus), is a major global health problem. Nanomaterials have been of growing interest owing to their promising properties as antimicrobial agents. In this study, in situ oxidative polymerization of pyrrole with silver nitrate was employed to obtain nanocomposites materials containing different percentages of single wall carbon nanotubes (CNT 0-60 /PPy/AgNPs). The reaction proceeds smoothly at room temperature and the silver content was about 80 wt% of composite. The morphology of composites was determined by transmission electron microscope (TEM) to indicate the formation of core-shell structure in which AgNPs as core and PPy-CNT as shell with observed homogeneity in the nanocomposites. The samples were also characterized by ATR-FTIR, XRD, and TGA. CNT 0-60 /PPy/AgNPs materials were used for bacterial removal from water. The bacterial removal was evaluated using the column filter method. The results indicated that the removal percentage of E. coli ranged from 87.5% to 95% using CNT 0-20 /PPy/AgNPs. The data obtained in this study indicated that CNT 60 /PPy/AgNPs nanocomposite was found to be effective towards E. coli with 100% removal, whereas PPy/AgNPs obtained in this work was specific for the complete removal of S. aureus (100%).
Introduction
Pathogenic bacteria, as a main cause of life-threatening human diseases, which affect millions of people annually, develop resistance against antibiotics and continue challenging scientists globally forcing them to seek other effective alternatives.
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The ever increasing global demand of pure water free from pathogenic bacteria is pressing scientists for devising new materials useful for water disinfection. Recent studies have indicated that nanoscale materials are promising as effective antimicrobial agents. [6] [7] [8] [9] [10] [11] Nanocomposites are new emerging and promising research route which composed of two or more different materials, one of those materials is in a nanometric dimension. [12] [13] [14] Each of the nanocomposite components has its unique characteristics and upon the formation of the nanocomposite, new advantages, features, and characteristics usually arise. Some enhanced properties, such as signicant mechanical property, 15 thermoelectric performance [16] [17] [18] and thermal stability, 19 etc. Polypyrrole (PPy) is one of the attractive conducting polymers which have been used greatly in nanoscience and nanotechnology due to their exceptional properties such as unique electrical properties, controllable chemical and electrochemical properties, high p-conjugated polymeric chains, and reversible doping/de-doping process. 14, 20, 21 The biocidal effect of PPy is likely attributed to its positive charge that would adhere negatively charged bacteria on its surface causing death of bacteria.
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On the other hand, the high affinity of silver nanoparticles (AgNPs) towards sulfur-containing amino acids on cell membrane and phosphor presents in DNA of bacteria, resulting in disinfection. [25] [26] [27] Recent studies indicated that AgNPs suffer from being applied owing to their instability in aqueous solution, which lead to their aggregation that would decrease their antibacterial activity.
28 Also, AgNPs in aqueous solution could cause high toxicity to human cells and ecology. It is believed that the cytotoxicity of AgNPs is mainly attributed to the release of silver ions that induce the production of reactive oxygen species. 29 Therefore, incorporation of AgNPs in a polymer matrix and/or composite materials would synergies the overall biocidal effect and also minimize adverse effects of silver. In this interest, PPy/AgNPs were applied as antimicrobial and showed enhanced biocidal effect.
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Carbon nanotubes (CNTs) 31 are new emerged and fascinating nanomaterials which have come under intense multidisciplinary study because of their unique physical and chemical properties. CNTs include single-wall (SWCNTs) and multiwall (MWCNTs) depending on the number of layers comprising them. CNTs show the characteristics of unique size distributions, novel hollow-tube structures, high specic surface areas and electrical semi-conductivity and conductivity. These characteristics allow them to be used in a broad range of applications such as catalysts, 32 different biological aspects [33] [34] [35] [36] [37] [38] [39] and nanoscale electronics. [40] [41] [42] As disinfectants, CNTs proved effectiveness for killing bacteria by causing perturbation and/or disruption of the cell membrane and specic microbial process via oxidation. 43 Accordingly, development of CNTs/AgNPs composites demonstrates a promising approach for enhanced disinfection.
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Although there are many research studies devoted to the synthesis and characterization of different nanocomposites based on PPy, CNTs and AgNPs, there is no research work focus on exploring the synthesis of ternary nanocomposites combining the three different nanomaterials; PPy, CNTs and AgNPs and their uses for water disinfection. In this work, different nanocomposites (CNT 0-60 /PPy/AgNPs) were synthesized and fully characterized. The potential use of these new materials for the removal of pathogenic bacteria are explored.
Experimental

Materials
Analytical grade pyrrole, silver nitrate, acetone, single walled carbon nanotubes (CNT) were purchased from Sigma-Aldrich and was used as received. Aqueous solutions were prepared from distilled water.
Synthesis
Different compositions of CNT were made according to the following procedure. In a conical ask containing 80 ml distilled water, 0.6 g, 8.94 mmol pyrrole was added and stirred vigorously to get a clear solution. Then appropriate amount of CNT (0, 10, 20, 40, 60% w/w of pyrrole) was mixed with the pyrrole solution with stirring. An aqueous solution of silver nitrate (3.78 g, 22.25 mmol) in 20 ml distilled water was added in one portion to the above mixture and the reaction mixture was stirred at room temperature overnight and le stand for a week in dark room and the solids obtained were ltered, rinsed with water four times, acetone two times and dried overnight in an oven at 50 C. 
Techniques
Infrared spectra were performed on a were performed on a PerkinElmer spectrum 100 FT-IR spectrometer. All samples were prepared by mixing FTIR-grade KBr (Aldrich Chemicals) with 1.0 wt% of the sample and grinding to a ne powder. XRD patterns of the samples were recorded on a D8 Advanced diffractometer (Bruker AXS, Germany) with CuK1 radiation (1.54178Å). The operation voltage and current were kept at 40 kV and 40 mA, respectively. The morphology and size of the nanoparticles were characterized at 100 kV by a JEOL 2010 TEM. Thermogravimetric analysis (TGA) was carried on a Shimadzu TGA-50H thermogravimeter analyzer and the sample was heated from room temperature to 900 C at a rate of 10 C min
À1
in an inert nitrogen atmosphere.
Bacterial removal
2.4.1. Bacteria. E. coli and S. aureus were grown on blood agar for one day at 36
C. The number of bacteria was determined by bacterial counter.
Column adsorption of bacteria.
The bacteria were applied directly to a column (1 Â 1 cm i.d.) containing CNT 0-60 / PPy/AgNPs (200 mg). The adsorbed bacteria were eluted with distilled water at a ow rate of 0.5 ml min À1 and 1 ml fractions were collected.
Statistical analysis.
The statistical analyses were performed by a one-way ANOVA and the Student's t-test. The results were expressed as means AE S.D. Difference are considered signicant when P < 0.05.
Results and discussion
Synthesis of CNT 0-60 /PPy/AgNPs
A major avenue for the production of novel materials is relied on the formation of inorganic-organic nanocomposites in which both functionality would be synergized leading to a new functionality. In this interest, it was envisioned that simultaneous formation of polypyrrole and AgNPs via in situ oxidative polymerization of pyrrole [47] [48] [49] would serve as an intimate way for obtaining nanocomposites with different content of CNT. Scheme 1 shows the formation of intimate nanocomposites with different percentage of CNT.
FTIR spectra
Attempts have been made using ATR-FTIR, however, all spectra were appearing with either weak absorption or hidden peaks. Upon trying to redo the FTIR using KBr method, the peaks in all samples were clearly observed. The FTIR spectra of all samples are shown in Fig. 1 . A broad absorption band is shown in the range between 4000 and 2600 cm À1 , which could be attributed to O-H present in the samples and/or water, C-H and N-H groups. The absorption band around 1582 and 1630 cm À1 in the CNT spectrum represents the C]C bond vibration. 50 Comparing the intensity of these two bands with the corresponding two bands present in composite samples indicates the overweight of vibrations due to PPy to those resulted from CNT, as the intensity was in an opposite manner.
PPy was made following the oxidative ferric chloride method reported in the literature 51 so as to compare its FTIR data with PPy made by in situ oxidative polymerization using silver nitrate as oxidant and in the presence of different percentages of CNT.
Interestingly, regardless the CNT content, PPy made in composite didn't show the broad absorption band that observed above 2000 cm À1 for the one made with FeCl 3 , indicating the absence of intra-chain excitations due to the presence 
XRD analysis
The XRD patterns of the CNT, PPy, 0% CNT (PPy/AgNPs nanocomposite), and 60% CNT (CNT 0-60 /PPy/AgNPs) are shown in Fig. 2 and broad peak in the region 20 to 42 due to the amorphous structure of polypyrrole was observed indicating a homogeneous involvement of polypyrrole with the AgNPs within the nanocomposite. The XRD pattern of 60% CNT (CNT 0-60 /PPy/ AgNPs) showed the characteristic diffraction peaks of silver nanoparticles in addition to much broad peak in the region 20 to 42 due to the presence of both CNT and amorphous polypyrrole was observed indicating a homogeneous dispersion of SWCNT in the composite. 
TEM
The oxidative polymerization of pyrrole using silver nitrate as oxidant and pyrrole as reductant results in the formation of PPy/ AgNPs nanocomposites. The morphology and particle sizes of CNT 0-60 /PPy/AgNPs are shown in Fig. 3 
Thermal analysis
The thermal stability of polymeric nanocomposite materials are very much affected by the presence of CNTs content. Therefore, it was necessary to reveal such effect and to see whether the results obtained above in TEM images in which the nanocomposites became more intimate with cylindrical morphology (60% CNT) would be reected by its thermal stability compared with another lower content (10% CNT) and PPy/AgNPs. Fig. 4 shows the TGA of the nanocomposites in absence of CNTs and in presence of different CNT percentages. The thermal stability of zero% CNTs sample (PPy/AgNPs) reveals a small fraction of weight loss up to 120 C due to evaporation of adsorbed water, and weight loss from 150 to 263 C attributed to the degradation of small chains of poylpyrrole. Generally, the weight loss below 400 C in the presence of CNT could be due to the decomposition of small oligomers of PPy, which are trapped inside CNT, above 400 C however, the satiability is higher in the presence of CNT than its absence as a consequence of coiling CNT with PPy and AgNPs. Then a signicant weight loss takes place from 400 to 674 C owing to the complete degradation of polypyrrole. At this temperature (674 C), the weight percentage of silver in the PPy/AgNPs nanocomposite can be calculated to be about 80% of the total weight. The thermal stability of other nanocomposites containing 10 and 60% was generally better than that of PPy/AgNPs nanocomposite. This stabilization is indicative of CNT-PPy interactions. 56, 57 It is worth mentioning that the silver content as well as the thermal stability for the PPy/AgNPs nancomposite is higher than the previously reported one. 58 
Bacterial removal
Literature data indicate that both AgNPs and polypyrrole alone or in composite form are antimicrobial materials. 59, 60 AgNPs act by attacking the bacterial cell membranes and cause cell death.
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Polypyrrole molecule with its positive charge get adhered with the negatively charged cell membrane of bacteria causing microbial growth inhibition. 53 On the other hand, CNTs possess excellent bacterial inactivation efficiency due to their large surface areas.
Previous studies indicated that batch disinfection of E. coli (Gramnegative) were in the order SWCNTs-Ag (70.24%) > SWCNTs (38.89%) and for S. aureus (Gram-positive) were in the order SWCNTs-Ag (95.79%) > SWCNTs (À131.40%). The negative number indicted that SWCNTs is not suited by itself for S. aureus as the reproduction rate was higher than the disinfection rate. However, SWCNTs-Ag nanocomposite was found effective disinfectant against S. aureus compared with E. coli as a consequence of the higher affinity of SWCNTs for S. aureus accumulation in close proximity with AgNPs. These studies together with the aforementioned literatures prompted us to study the effect of CNTs content in PPy/AgNPs nanocomposites. The different disinfectant behavior of SWCNTs from being active (38.89%) for E. coli and inactive (À131.40%) for S. aureus was attributed to the difference in cell wall between E. coli (slim) and S. aureus (deep). 44 Therefore, it was hypothesized to have all three components in one nanocomposite material by in situ oxidative polymerization of pyrrole with silver nitrate in the presence of different content of SWNT. Filter column method for water disinfection was used as sketched in Fig. 5 .
The elution proles of E. coli on CNT 0-60 /PPy/AgNPs columns are summarized in Table 1 . Twenty thousand bacteria were eluted with columns. For CNT 0-20 /PPy/AgNPs columns, the number of eluted bacteria was increased with elution of water and decreased in fractions 4 and 5. The per cent of adsorbed bacteria ranged from 87.5% to 95%. Approximately all bacteria were adsorbed by CNT /PPy/AgNPs columns. It is worth mentioning that the effectiveness of removal of E. coli appeared just for samples containing 40% or more per cent of CNT, it seems that enough amount of CNT is necessary for complete removal for the loaded amount of bacteria. This result is nicely in agreement with previous studies which reported that batch disinfection of E. coli was 38.89% using SWCNTs, indicating that CNT posses excellent bacterial inactivation efficiency due to its large surface area.
To further elaborate the antimicrobial effect, a lower load of E. coli (ten thousand) was applied into CNT 10 /PPy/AgNPs column. Fig. 6 shows a comparative elutions between high and low bacterial load. It is clearly indicated that the elution of bacteria increased with increasing the load of bacteria until the number of bacteria reached to 240, then started to decline in a comparative manner. From these results it can concluded that the increase of the number of bacteria may be attributed to the overload of the bacteria and the ow rate of the column and during the time of elution the most of bacteria get adsorbed.
Interestingly, S. aureus was completely adsorbed by CNT 0-60 / PPy/AgNPs columns indicating that PPy/AgNPs obtained in this work is specic for excellent removal of S. aureus (100%). On the other hand, the CNT 60 /PPyAgNPs nanocomposite was found to be effective towards E. coli with complete removal (100%) indicating an existence of synergistic effect in this nanocomposite.
Conclusions
CNT 0-60 /PPy/AgNPs composites have been synthesized in one bath reaction via oxidative polymerization of pyrrole with silver nitrate in aqueous medium and in absence and presence of different CNT% (w/w based on pyrrole). The TGA data indicated the presence of about 80 wt% AgNPs in the composite. The morphology of nancomposites indicated an intimacy in the materials produced and the AgNPs appeared as a core shelled by PPy-CNT. Also, the materials were characterized by ATR-FTIR and XRD. The method presented is viable and can be used for the preparation of other organic-inorganic hybrid nanocomposite materials with good homogeneity. The use of these materials for water disinfection was successfully obtained using column lter method. 
